














能食品と根拠法のない「いわゆる健康食品」がある。米国には Dietary Supplement 




































の「日本で人気の高い健康食品」よりも安全性評点（p < 0.01）、有効性評点（p < 
0.05）、および総合評点（p < 0.01）において有意に高かった。「日本で人気の高い健
康食品」成分のうちの栄養機能食品・特定保健用食品の成分については、売上高と
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Regulatory science research for the use of health foods based on scientific evidence  
— Research on the safety of health foods and safety evaluation of herbal supplements 
[Background and purpose] 
Various health foods are distributed both domestically and internationally. In Japan, health 
foods are roughly divided into "Foods with Health Claims" defined by the Health Promotion 
Act (the former act: the Nutrition Improvement Act, 2001), etc. and "so-called health foods" 
without legal definition. In the United States, dietary supplements (DS) are regulated by the 
Dietary Supplement Health and Education Act of 1994 (DSHEA). Even DS products that are 
prohibited to be sold in Japan are available on the Internet. The basis to use health foods 
including DS safely and securely is consumer behavior based on scientific evidence. The 
professionals engaged in nutrition practice activities such as dietitians have a role to provide 
information based on scientific evidence concerning the safety and effectiveness of health 
foods so that consumers do not suffer from health hazards or economic losses.  
The author has been engaged in education for dietitians and is strongly aware of the 
importance of ensuring the safety of foods, especially health foods. For this reason, the author 
have participated in data survey research and animal experiment research with the aim of 
contributing to the safe and secure use of health foods, in particular, herbal supplements (HS), 
which among health foods have had various problems. The author's research is positioned in 
regulatory science research. This doctoral dissertation is composed mainly of the content 
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presented in the following two research 1 and 2 which further develop the data survey research 
and the animal experiment research, respectively. 
[Research 1] Data Survey Research - Science-based ratings of safety and effectiveness of 
ingredients of health foods distributed in Japan differ among health food categories –  
Health foods in Japan are divided into “Foods with Health Claims” (FHC) as defined in 
the Health Promotion Act etc. and “so-called health foods” treated as general foods without 
legal definition. FHC are further categorized into “Foods with Nutrient Function Claims” 
(FNFC), “Foods for Specified Health Uses” (FOSHU), and “Foods with Function Claims” 
(FFC). There may be differences, as yet unknown, among categories in the safety and 
effectiveness evaluation of health food ingredients distributed in Japan. The verification of 
these differences was considered to be useful for nutrition practice activities in Asia and is the 
subject of the present study.  
The safety and effectiveness evaluation of health food ingredients in each category, FNFC, 
FOSHU, and “Popular Health Foods in Japan” (PHFJ), were compared and examined based 
on the ratings in the book version of the Natural Medicine Comprehensive Database (NMCD). 
The author converted the language ratings (nominal variable) in the NMCD to rating scores 
(ordinal variable), and then performed for non-parametric statistical analysis.  
The ratio of ingredients unlisted in the NMCD was significantly higher for FOSHU (p < 
0.001). The average rank of FNFC ingredients was significantly higher in safety rating scores 
than those of FOSHU (p < 0.01) and "PHFJ without FNFC+FOSHU" ingredients (p < 0.001). 
The average rank of FNFC ingredients was significantly higher in effectiveness, and total 
rating scores than those of FOSHU and "PHFJ without FNFC+FOSHU" ingredients (p < 
0.001), but there was no significant difference between FOSHU and "PHFJ without 
FNFC+FOSHU". The average rank of ingredients of “FFC in PHFJ” was significantly higher 
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in safety (p < 0.01), effectiveness (p < 0.05), and total rating scores (p < 0.01) than those of 
“non-FHC in PHFJ”. Ingredients of health foods distributed in Japan differed in their safety 
and effectiveness evaluation by the NMCD due to differences in legal regulations and systems. 
Also, the reliability of scientific evidence on effectiveness and total rating scores seemed to 
be related to sales.  
Ingredients of Health foods distributed in Japan differed in their safety and effectiveness 
evaluation by the NMCD due to differences in legal regulations and systems. The author 
objectively demonstrated an intuitive prediction that health foods that comply with or are 
approved by government standards like FNFC or FOSHU are safer and more effective than 
those that do not. 
The findings obtained in this study would serve as a reference for professionals to know 
the Japanese health food regulatory systems and promote the use of health foods based on 
scientific evidence regarding safety and effectiveness. In addition, the findings would be 
useful for Asian countries to develop health food systems.  
[Research 2] Animal Experiment Research - A safety evaluation method for individual 
herbal supplement products based on the concept of food additives with hepatic 
cytochrome P450 mRNA expression as a major index: application to butterbur (Petasites 
hybridus) products – 
In this research, the author has designed a safety evaluation method that contributes to 
providing information on preventing health hazards associated with the use of these health 
foods, especially HS, which have many problems. The method was then applied to butterbur 
products.   
The safety of HS may vary greatly, even if the supplements originate from the same plant 
species. Occasionally, HS target the liver and cause health hazards involving the gene 
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expression of the drug metabolizing enzyme cytochrome P450 (CYP). However, there is little 
evidence of health hazards from food additives that are used in compliance with standards. 
Against this background, the author had designed a convenient animal experimental method 
to evaluate the safety of individual HS products using gene expression of CYP isoforms as a 
major index. In this method, with reference to the procedures for the safety evaluation of food 
additives, individual selected commercial products were administered to rats daily for eight 
days. The author applied this evaluation method to three commercial products (oily: SGA, 
SGB, and powdery: HC) of butterbur (Petasites hybridus), an herbal material suggested to be 
effective for migraine and other problems. Butterbur products have been reported to have liver 
damage, but the mechanism has not been clarified yet. 
The author determined the dosage by multiplying the suggested daily intake for humans 
by the uncertainty factor, usually 100, used to estimate the acceptable daily intake for food 
additives from the no observed adverse effect level. Main results are as follows:  
(1) The two oily products slightly increased the relative liver weights per 100 g of body 
weight, markedly (>10-fold) enhanced mRNA expression of CYP2B and moderately (>3-
fold) that of CYP3A1. 
(2) The two oily products caused accumulation of α2µ-globulin in the renal proximal 
tubular epithelia of male rats.  
(3) Administration of the powdery butterbur product, HC, did not produce these effects.  
(4) The impacts of administration of the oily butterbur products on mRNA expression of 
CYP2B and CYP3A1 were more pronounced in female rats than in male rats. 
SGA and SGB increased gene expression of CYP2B and 3A in rat liver significantly (p < 
0.05), and may cause similar events in humans; CYP enzyme induction may pose a health 
hazard via either metabolic activation of herbal ingredients per se or reduction in the 
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therapeutic effectiveness of drugs administered concomitantly. In conclusion, carrying out this 
type of individual evaluation helps those responsible for ensuring the safety of each HS 
product to provide consumers with accurate information. 
[Conclusion] 
The purpose of this study was to contribute to the use of health foods based on scientific 
evidence as a regulatory science study in the field of food safety. 
[Research 1] The current health food system in Japan is a system based on scientific 
evidence, and it provides reliable information to professionals in charge of nutrition practice 
activities and consumers. In addition, disseminating the health food system of Japan overseas, 
especially to Asian people with a growing demand for health foods, provides an opportunity 
to review the health food status and systems in each country. And the author thinks that such 
Data Survey Research can be used to develop health food systems in each country. 
[Research 2] The author designed an individual safety evaluation method for HS. With 
reference to the risk assessment method for food additives, 100 times the suggested daily 
intake amount was administered to rats for 8 days, and the effect of HS on mRNA expression 
of CYP isoforms in liver was used as an evaluation index. The effectiveness of individual 
safety evaluation method for each product was suggested by application to butterbur products. 
It was also demonstrated for the first time that oily products strongly promote gene expression 
of CYP isoforms involved in the metabolism of many pharmaceuticals. Information was 
provided to help with warnings, and knowledge was also obtained that would contribute to 
tracking the mechanisms of liver damage associated with the use of butterbur.  
Through this research, the author believes that it has developed previous research and 
achieved results that contribute to the use of health foods based on scientific evidence. 
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